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ABSTRACT

Introduction: Abnormal bone metabolismin patientswith thyrotoxicosisiswell documented, but time-course of recovery
remains poorly understood.

Objective: To evaluate changes in bone density and bone metabolic parameters in thyrotoxicosis before and after
therapy.

Methods: Forty patientswith thyrotoxicosis (11 males, mean age 35.5 + 9.9 years) rendered euthyroid with methimazole
and maintai ned on bl ock-replacement therapy werefollowed up for six months at atertiary care setting. Of these, 21 had
completed follow-up evaluation. Bonemineral density (BMD) at lumbar spine (L S), hip and biochemical markerswere
estimated before and after therapy.

Results: At LS, 21% women and 35% men had aZ scorelessthan—2. At the neck of femur (NOF),17% women and 18%
men had Z scorelessthan -2. L Swas more severely affected (p < 0.001). BMD was similar among patientswho were 25-
hydroxy vitamin D [25(OH)D] deficient,[ 25(OH)D < 20 ng/mL (<50 nmol/L)], insufficient [25(OH)D 20 - 30 ng/mL (50-75
nmol/L)] or sufficient [25(OH)D > 30 ng/mL (>50 nmol/L)]. Serum T, correl ated negatively with Z-scoresat LS, NOF,
trochanter and Ward'sarea. Therewasimprovement in BMD (p<0.01) and Z scores (p<0.01) at all levels post-treatment
with higher increase at NOF (p=0.046). A significant decrease in serum calcium, 24 hour urinary cal cium and phosphate
and the fractional excretions of calcium and phosphate was also seen, while serum N-tact PTH levelsincreased.

Conclusions: Correction of hyperthyroidism playsapivotal roleinimproving the BMD and biochemical parameters.
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INTRODUCTION

The adverse effects of hyperthyroidism on the
skeleton were known even before the advent of
satisfactory treatment for hyperthyroidism.
Fracturerisk isincreased in hyperthyroidism.*2
Theextent of thereductionin boneminera dengty
(BMD) ranges from 10% to 20%.>” However
reversibility of bone loss with therapy is
unclear.®” Despitethevariable BMD, ahistory of
overt hyperthyroidism is arisk factor for hip
fracturelater inlife.® Increased risk of spineand
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the secretion of parathyroid hormone (PTH),
leading to hyperca ciuria, negetiveca ciumbaance
and reduced conversion of 25-hydroxyvitaminD
[cdcidiol, 25(0OH)D] to cacitriol.* Thedeclinein
cdcitriol productioniscompounded by anincrease
in calcitriol metabolism induced by
hyperthyroidism,? |eading to diminished intestina
calcium (and phosphorous) absorption and faeca
caciumloss. Thereispaucity of datafrom Indian
subcontinent on this topic. A previous study
reported osteopeniain 32% , and osteoporosisin

forearm fractures has been reported in patients
treated with radioiodine but not in those treated
withmethimazole®

Increased bone resorption leads to negative
calcium balance.’’ Hypercal caemiaoccursin up
to 8% of patients.® Hypercal caemiasuppresses
Received: 27 Januray,2012

60% withimprovement in bonemass 1 year after
control of thyrotoxicosis.** Dhanwal et a4
compared the effect of vitamin D deficiency on
BMD inthyrotoxicosis patients. They found that
inthevitamin D-deficient group, themean BMD
T-scoreswerein the osteoporotic rangeat hip and
forearm (—2.65 + 1.13and -3.04 £ 1.3) and in
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the osteopeniarange at lumbar spine (—1.83 +
1.71) and BMD (g/cm?) at the hip and forearm
was lower in the vitamin D-deficient group
compared with thoseinthevitamin D-sufficient
group.

Inthe background of widely prevaent vitamin D
deficiency in Indian subcontinent®>'’
hyperthyroidism could have del eteriouseffectson
bone mineral homeostasis. Peak bone massin
Indiansislow, resultinginlow boneminera density
in adult life.’® There is paucity of data in
hyperthyroid patientswith regard to biochemical
markers of bone mineral metabolismand BMD
beforeand after therapy.

Hence, theobjectivesof thestudy were: (i) to sudy
theboneminerad metabolic markersin patientswith
thyrotoxicosi sbefore and after anti-thyroid drug
therapy; (ii) to study the BMD in patients with
thyrotoxicosisbeforeand after anti-thyroid drug
therapy; and (iii) to study theimpact of various
factorslike severity of thyrotoxicos's, duration of
symptomsof toxicod's, parity, duration of lactation,
vitamin D status etc., on BMD in patientswith
thyrotoxicoss.

MATERIAL AND METHODS

Forty patients, diagnosed to haveclinically and
hormonaly proventhyrotoxicos's, wereincluded
in this prospective study conducted in the
Department of Endocrinology and Metabolism, Sri
Venkateswara Institute of Medical Sciences
(SVIMYS), Tirupati, India, from March 2007 to
March 2008. I nformed consent was obtained from
all participants and the study was approved by
ingtituteethicscommittee.

All treatment naive patientspresentingwitha3-6
month history of weight loss, palpitations and
clinical manifestationsof thyrotoxicosiswere
included in the study. Thyrotoxicosis was
confirmed hormonaly by anedevatedtota serum
thyroxine [T, > 135 ng/ml (174 nmol/L)], an
undetectable serumthyroid stimulating hormone
(TSH) lessthan 0.15 mU/L and a*"Tc thyroid
scan showing an increased uptake (>4%).
Patientswith thyrotoxicosi's who areaready on
therapy, patientsbeing treated with oestrogens,
thiazidediuretics, calcium, or vitamin D for &t least

61

Amaresh Reddy et al

12 monthsbefore enrolment in the study, patients
withrheumatoid arthritis, diabetesmellitus, liver
disease; patients with family history of
osteoporosis, smokers and chronic alcoholics
were excluded fromthe study.

Sudy procedure

Inall patients, adetailed history wastaken and
clinical examination was performed. Specific
attentionwasgivento: total duration of symptoms,
severity of the disease asper Wayne'sthyroid
score (<11=nontoxic, 11to 19 = equivocal, >19=
toxic),' parity (thetotal number of pregnancies
reaching 28 weeksof gestation or more), duration
of lactation (months) and sunlight exposure (total
minutes of sunlight exposure per day averaged
fromarecord over aweek) and the body surface
areaexposed (using “ruleof nines’ in burns).?
Laboratory investigations

Thethyroid hormoneswere measured using the
following radioimmunoassay (RIA) kits and
immunoradiometric (IRMA) kitsfrom Bhabha
Atomic Research Center (BARC) Mumbai: T, by
RIAK-5A (RIA), total serumtriiodothyronine(T,)
by RIAK-4A (RIA) and serum TSH by IRMAK -
9 (IRMA) kits. The minimum and maximum
detectablelimitsfor serumT,, T,, and TSH were
15-240 ng/mL (19-309nmol/L), 0.3-2.4 ng/mL
(461- 3687 pmol/L) and 0.15-50 mU/L
respectively. A *"Tc radionuclide thyroid
scintigraphy wasperformed using 3to5millicurie
of technetium using astandard protocol after 20
minutes.2 Anterior, right anterior oblique and | ft
anterior obliqueviewsweretaken to measurethe
radioactive uptake, expressed as percentage
uptake. Levelsof anti-thyroid peroxidase (anti-
TPO) antibodies were estimated at the time of
diagnossby IRMA using kitsfrom Diasorin (AB-
TPOK-3 - P002046), the limits of detectability
being 15- 1000AU/mL.

Serum calcium, phosphorus, dkaine phosphatase
(SAP), creatinine and a bumin were determined
on CX9 autoanalyzer (Beckmann Coulter
Synchron Brea, CA) using commercid kits. The
25(OH)D was measured by RIA (DiaSorin,
Stillwater, MN; Catal og no. 68100E), minimum
detectablelimit being 5 ng/mL (12 nmol/L). N-
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tact PTH was measured by IRMA (DiaSorin;
Catdog no. 26100) with minimal detectablelimit
being 13.8 ng/L. Thesubjectswereclassified as
vitamin D deficient, insufficient, or sufficient onthe
basisof 25(OH)D concentrationsof lessthan 20
ng/mL (50 nmol/L), 20-30 ng/mL (50-75nmoal/L),
and greater than 30 ng/mL (>75 nmol/L),
respectively.>

The 24-hour urine samples for calcium,
phosphorous, creatininewerecollectedincacium
free containers. Patients were categorized as
hypercalciuric (> 4 mg/lkg body weight) or
normocalciuric (< 4 mg/kg body weight) based
on urinary calcium excretion.® The fractiona
excretion of phosphate and tubular transport
maximum for phosphorus (TmP/glomemlar
filtration rate (GFR) were determined and andysed
using Bijovetindex/nomogram [normd TmP/GFR=
2.8-4.4mg/dL(0.9-1.42mmol/L)].%
Bonemineral density

Baseline BMD was measured by DXA scans
(Discovery A, Hologicinc. verson-12.6.1 USA)
at thetimeof diagnosisbeforeinitiating thepatients
on anti-thyroid drugs. Lumbar spine (L S) anterior-
posterior L1-L4 and hip (femoral neck, theWard
triangle, intertrochantric region and trochanter)
were scanned for measurement of BMD. The
vauesof BMD measurementsareexpresseding/
cm?. For BMD reporting in females prior to
menopause and in males younger than age 50
years, Z-scoreswereused. A Z-scoreof —2.0 or
lower isdefined as* bel ow the expected rangefor
age” and a Z-score above —2.0 as “within the
expected range for age.”?® BMD reports were
analyzed using manufacturer’ sAsan database.

I ntervention

Antithyroidthergpy wasinitiated withmethimazole
(20-40 mg) after baseline studies and was
continued to maintain euthyroid status, defined as
return of T4 to normal range (55-135 ng/mL).
These patients were later started on a block-
replacement regimen of prescribing afull dose of
a thionamide drug and adding T, supplements
(75-150 pg/day) to prevent the patient from
becoming hypothyroid. Propranolol wasused only
during thefirst month for patientswith clinically
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sgnificant sympathoadrenergic symptoms. Liver
toxicity was monitored for by estimating
prothrombintimeand serum abumin beforeand
after treatment.

All patients underwent a repeat assessment of
biochemica parametersadongwithBMD 6 months
after they becameeuthyroid. Thedrift of theBMD
machine had a coefficient of variation (CV) of
0.385% throughout the duration of study.
Satistical analysis

Statistica andysswasperformed usng Satistica
packagefor socia sciences (SPSS) for Windows,
release 10.0.1 (SPSSInc, Chicago, lllinois, USA).
Datawere presented asmean + standard deviation
(SD). Continuous variableswere analyzed with
independent sample t-test and paired t-test as
appropriate. Significance was assumed at a p-
value less than 0.05. BMD among vitamin D
deficient, insufficient and sufficient groupswere
compared using one way analysis of variance
(ANOVA). Spearman’scorrdation co-efficient for
linear correlationwasca culated. Linear regresson
analysiswas used to obtain threshold of thyroid
hormonesabovewhichtoxic effectswereexerted.

RESULTS

Baselinedata

Forty patientswith clinically and biochemically
confirmed thyrotoxicosis were included in the
study. Their mean agewas35.5+ 9.9 years, there
were 11 males. The genders were not different
from each other with respect to the age of the
patientsenrolled (Table 1). All patientshad diffuse
thyroid enlargement. Themean Wayne'sclinica
scorefor thyrotoxicosis, among women and men
was 24 + 6.4 and 24 + 7.8 respectively, at the
timeof diagnoss(p=NS). All patientshad dlevated
serum T, T, undetectableserum TSH levelsand
diffusaly increased uptake on ™*Tc scintigraphy
(Tablel). Twenty one patientscompl eted the Six-
month follow-up; 19 were lost to follow-up.
Except for duration of sun exposurewhichwas
higher in women (p=0.03), none of the other
variablesweresgnificantly different betweenthe
genders. Only one patient woreaveil (burkha),
for whom surface area of sun exposure was
conddered aszero. Mean 24-hour urinary calcium
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excretion was higher among women but other
biochemical indices, including serum 25(OH)D,
werenot different betweenthegenders(Tablel).
Hypercal caemia [serum calcium >10.5mg/dL
(2.62mmol/L)] was present in 10 (25%) of
patients. Hypercalciuriawasnoted in 17 (42.5%)
of patients. Seven out of 10 patients (70%) with
Hypercalcaemia had hypercalciuria. Among
hypercalciuric patients(n=17), 41% had
hypercacemia

Vitamin D deficiency was seen in 23(58%)
patientsand vitamin D insufficiency wasseenin
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14 (34%)patients; normal serum 25(0OH)D was
evident inonly 3 (8%)patients. BaselineBMD
and Z- scoresof L Sand femur inwomen and men
areshowninTable2. Lumbar spineZ- scoreswere
more severely affected compared to femur (p <
0.001) in patientswith thyrotoxicosisat thetime
of diagnosis. Both genderswereequally affected.
Digtribution of patientsbased ontheir Z-scoresat
variouslevelsinlumbar spineisshowninFigurel.
Eighty six per cent of women and 64% of men
had Z-score of lessthan —1 at L S at the time of

Table1: Gender-wisecomparison of clinical and biochemical char acteristicsof
40 patientswith thyr otoxicosisat r ecr uitment

Women (n=29) Men (n=11)
Age (years) 34.7x95 375+110
Duration of symptom (months) 10.3+94 97+7.7
Parity (no.) 1.66+0.82 NA
L actation (months) 220+21.0 NA
Duration of sunlight exposure (min/day) 72.7+935 31.8+19.9*
Area exposed to sun 273117 254+36
(as % of total body surface area)
Wayne's Score 24+64 24+7.8
Weight (kg) 484+81 61.0£9.7t
BMI (kg/m?) 20.39+3.73 21+27
T,(ng/mL) >24+0 >24+0
T, (ng/mL) 242.4+58.1 231.8+39.2
TSH (mIU/mL) <0.15+0 <0.15+0
%mTc uptake (%) 11.2+52 99+26
Anti-TPO (AU/mL) 374.0+389.9 326.5+ 3455
Prothrombin time (seconds) 152+18 149114
Dose of methimazole (mg/day) 30+£27 31.8+4.1
Serum albumin (g/dL) 37+0.25 38105
Corrected calcium (mg/dL) 10.3+0.6 10.4+0.55
Serum phosphorus (mg/dL) 37107 39+10
Serum Alkaline Phosphatase (1U/L) 1132+31.2 93+37.1
Serum 25(0OH)D (ng/mL) 189+6.7 17.1495
Serum N-tact PTH (pg/mL) 26.1+113 285+106
24-hour Urinary calcium (mg/day) 2429+ 1741 181.6+137.2
24-hour Urinary calcium (mg/kg of bodyweight) 53t4.2 29+2.04*
24-hour Urinary creatinine (mg/day) 555.7+161.7 840.1+467.3
24-hour Urine phosphorus (mg/day) 512+ 236.7 556.5+245.7
Fractional excretion of calcium (%) 298+32 265+34
Fractional excretion of phosphorus (%) 159+9.8 229+237
TmP/GFR (mg/dL) 32107 30+13

Data presented as mean + SD.
*=p<0.05 t=p=0.01
For normal values, see text.

Anti-TPO= anti-thyroid peroxidease; PTH = parathyroid hormone; 25(OH)D = vitamin D; TmP= tubular transport
maximum for phosphorus; GFR = glomerular filtration rate;NA-Not Applicable
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diagnosis. At LS, 21% women and 35% men had
Z-score less than —2. Distribution of patients
based onthelr Z-scoresinfemur isshownin Figure
2. Inthe neck of femur (NOF), 60% of men and
66% of women had Z-score lessthan —1; 17%
women and 18% men had Z-score lessthan —2.
BMD wassmilar anong variousvitamin D groups.
Negative corrd aionwasnoted between BMD and
severity of symptom score, parity and lactation.
Serum T, correl ated negatively with Z-scores of
LS, NOF, trochanter and Ward's area. Serum
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calcium, serum phosphorous, 24-hour urinary
calcium and phosphorous did not show any
correlation with Z-scoresor BMD of LSor hip.
Onlinear regression analysis, calculated cut-offs
of T, for one-standard deviationfall in age-and
sex-matched BMD are 128 ng/mL (165 nmol/L)
[Z-score= —0.243 + (-0.006 x T4), r>=0.093]
for LS, 180.7 ng/mL (233 nmol/L) [Z-
score=0.082 + (—0.005 x T4), r>=0.110] for NOF
and 218.7 ng/mL (282 nmol/L) { Z score=—0.311
+(—0.003 x T4), r>=0.037} for total hip.

Table2: Gender-wisecomparison of BM D and Z-scoresin 40 patientswith thyrotoxicosisat thetime of

recruitment.
Baselinebonemineral density
Region Women (n = 29) Men (n=11)
BMD (g/cm?) Z-score BMD (g/cm?) Z-score
Lumbar spine (total) 0.823+0.098 -1.8+0.8 0.926+0.167 -13+15
Neck of femur 0.691+0.095 -1.2+0.8 0.75+0.127 -1.0+0.9
Greater trochanter 0.571+£0.075 -1.2+0.7 0.66+£0.141 -08+11
Intertrochantric region 0.905+0.118 -1.2+0.8 1.08+0.16* -0.6+09
Total hip 0.772+0.098 -1.2+09 0.88+0.15** -0.7+0.9
Ward's area 0.567+0.137 -1+10 0.63+0.16 -06+11

Data presented as mean + SD;
* =p< 0.01 1 = p< 0.05
BMD = bone mineral density;

Z-score = standard deviation score calculated from age and sex matched healthy controls
Comparison of areal bone mineral density (g/cm?) of men Vs women at baseline.

Figure 1: Percentage of patients having Z-scores in specified ranges at each lumbar verterbra in women and men

separately at thetime of recruitment
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Figure2: Percentage of patients having Z-scoresin specified ranges at each region of hip in women and men separately
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Post-treatment

Onfollow-up, 14 women and 7 men underwent
arepeat BMD and assessment of biochemical
markers 6 monthsafter achievement of euthyroid
state. The mean duration of treatment to achieve
euthyroid statewas 6.5 + 1.2 weeks. Therewas
no significant difference between males and
femal es. Following treatment of thyrotoxicosis
sgnificantimprovement wasnotedin body weight
and body massindex (BMlI).

Biochemical markers

Comparison of biochemical indicespre-and-post
treatment isshownin Table-3. Post-treatment T,
decreased (p<0.001) and TSH increased. Post-
treatment, the whole group had a significant
decrease in serum calcium (p=0.001), 24-hour
urinary calcium and phosphorus excretion, and
fractiona excretion of calcium and phosphorous.
Therewasno changein serum 25(OH)D levels
with antithyroid therapy. The pos-treatment serum
N-tact PTH showed a significant increase
(p<0.005). There was a decrease in serum
calcium, 24-hour urinary calcium excretion and
fractional excretion of phosphorousinwomen

65

frochnater B Wards = tertros, m Total hip

(Table3). Ontheother hand, therewasadecrease
in24-hour urinary phosphorousexcretioninmen
(Table 3) that was not seen in women. Post-
treatment rise in PTH was observed only in
women.

Among patientswho had compl eted the 6-month
follow-up (n=21), 5 had Hypercalcaemiaand 9
had hyperca ciuriaat recruitment. Eighteen of these
21 patientshad afal inserumcalciumlevelswhile
3 had amildrise. While one patient had a post-
treatment elevated serum calcium [10.6 mg/dl
(2.64mmoal/L),i.e.,al.5%rrisefrom baseline];
two others had serum calcium levelslessthan
10.5mg/dL (2.62 mmol/L), albeit with a1.6%
and 3.4% risefrom baseline. Inthese 18 patients,
afall in 24-hour urinary calcium excretion was
observed. Of the 9 patientswho had hypercdciuria
at diagnosis, 7 became normocalciuric and 2
continued to be hypercal ciuric despite having fall
of 54% and 65% respectively. Threepatients, who
werenormocalciuricinitially, hadamildrisein
urinary calcium excretion, but still remained
normocalciuric. When patients were analyzed
together, therewasimprovementinBMD and Z-
scores at al sites of LS and femur. Similar
improvement was seen post-treatment in women.
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In men, therewasimprovementin BMD only at
LS (total), L1 vertebra, NOF and trochanter
(Table 4) while improvement in Z-scores was
noted at L S(total), L1, L2, NOF, trochanter and
intertrochantric region (Table-4). Percentage
increasein BMD wasmore at femur (10% + 8%)
ascompared to lumbar spine (7% + 6%). There
was no difference in improvement in BMD
between the genders. At L S post-treatment, 21%
of women and 14% of men still had Z-scoresless
than—2 whilenone had suchlow Z-scoresat NOF,

DISCUSSION

Inthe present study, Z-scoreslessthan—2 (below
the expected range for age) were seen in 21%
and 35% at LS and 17% and 18% at femur in
womenand menrespectively. A reductioninBMD
of 7.4%-12% has been seen at LS and 13% at
trochanter invariousstudies.”? Two sudiesusing
single photon absorptiometry reported areduction
in bone density of 12% to 28% in hyperthyroid
patients, which normalized after treatment.®

Usefulness of the Wayne's scoring system
forsymptoms of thyrotoxicosis has been
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undermined because of the easy availability of the
biochemica markersof thyroid function. However,
wefound useful negative correlation of Wayne's
scorewithBMD at LS, greater trochanter and
Ward'sarea. Wayne's scoreisthusauseful and
simpleclinical pointer toidentify patientsat risk
for thyrotoxic bone disease. Every case of
thyrotoxicos swith high Wayne' sscore should be
evaluated for bonedisease.

Theduration of symptomsof thyrotoxicosisisnot
knownto correlate with bonedengity at any site.?
As aready known, weight and BM| showed a
positivecorrdationwithbonedengty a LS, greater
trochanter, intertrochanteric region and total hip
(p < 0.05). The weight loss related to
thyrotoxicosismay dso contributeto thereduction
of bonedendty. Thepostiveeffect of weight and
BMI on BMD isknownin general population,
welght having astronger association with bone
mass, probably dueto mechanica factors.®

In our study parity showed asignificant negative
correlation with BMD at both LS and hip, an
association not supported in literature.** Some

Table 3: Comparison of biochemical parameter spre-and at 6-monthsafter
achieving euthyroid state.

Women (n=14) Men (n=7)

Pre-treatment |Post-treatment |Pre-treatment [Post-treatment
T,(ng/mL) 2464+ 644 115.6+33.3t 237.9+41.7 112+4.8f
TSH (mlU/mL) <0.15+0 14+£20* <0.15+0 2535
Serum albumin (g/dL) 36+0.3 3.8+0.2t 3.7+0.6 39103
Corrected serum calcium (mg/dL) 105+ 044 9.85+0.53f 104+0.54 9.9+0.146
Serum phosphorus (mg/dL) 3.75+0.70 3.65+0.58 3.84+0.99 3.77+0.55
Serum alkaline phosphatase (IU/L) 103+23 116+29 107.2+40.2 14320+ 66.3
Serum 25(0OH)D (ng/mL) 205+6.7 172164 171+115 17.3£11.6
Serum N-tact PTH (pg/mL) 235+9.2 444+ 13.6* 294+121 63.5+30.9
24-hour Urinary calcium (mg/day) 228+ 157 1285+ 82.6* 154.7+ 105 108.7+£47.9
24-hour Urinary calcium (mg/kg of bodyweight)[ 5.4 £4.7 257+1.78f 246+161 151+0.59
24-hour Urinary phosphorus (mg/day) 509+ 204 331.2+1924 555.3+260.1 | 370.3+181.6*
Fractional excretion of calcium (%) 27126 14+1.1* 17+10 11+05*
Fractional excretion of phosphorus (%) 159+7.8 102+ 7.4* 189+12.7 95+38
TmP/GFR (mg/dL) 32107 33106 31+£10 34+05

Data presented as mean + SD

Comparison of biochemical indices pre- and post-treatment in the same sex group:

* = <0.05, t=p<0.01, 1 = p<0.001

PTH = parathyroid hormone; 25(OH)D = vitamin D; T = tetraidothyronine; N-tact PTH =intact PTH;
TmP = tubular transport maximum for phosphorus; GFR = glomerular filtration rate
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Table4: Comparison of body weight, BMD and Z-scoresat baselineand at 6-monthsafter
achieving euthyroid state

Parameter Women (n=14) Men (n=7)

Pretreatment [ Post-treatment | Pre-treatment | Post-treatment
Weight (Kg) 47.8+95 53.0+ 9.8¢ 61.3+115 716+ 9971
BMI (Kg/m?) 20.17+4.63 22.39+4.83t 20.81+ 2.92 24.41+ 2.73t
BMD spine(g/cm?) 0.806+ 0.04 0.865+ 0.109t1 0.938+0.152 0.990+ 0.122*
BMD NOF (g/cm?) 0.686+0.085 0.748+ 0.094% 0.731+ 0.099 0.775+0.085*
BMD trochanter(g/cm?) 0.566+0.075 0.627+0.070% 0.638+ 0.118 0.689+ 0.092*
BMD Ward' striangle(g/cm?) 0.552+0.128 0.609+0.142% 0.592+ 0.135 0.633+ 0.112
BMD intertrochanteric region (g/cm?) 0.903+0.138 0.993+0.118% 1.070+0.141 1.125+ 0.131
BMD femur (g/cm?) 0.769+ 0.108 0.848+0.091% 0.888+ 0.117 0.910+ 0.173
Z-SCORES
total spine -19+0.7 -1.4+0.9t -13+14 -0.8+1.2*
NOF -1.2+0.7 -0.6+0.8% -1.1+0.38 -0.7+£0.7*
Trochanter -1.2+0.7 -0.6+£0.7% -0.9+£0.9 -0.5+£0.7*
Ward's area -1.1+09 -05+1.0% -0.7+0.9 -04+0.8
Intertrochanteric region -1.2+0.8 -0.6+£0.7% -0.6%+ 0.8 -0.2+0.5*
Femur -1.1+09 —0.6+0.7%* -0.8+0.7 -0.3+05

Data presented as mean + SD; Comparison of areal bone mineral density pre- and post-treatment in the same sex

group : *=p<0.05 T =p<0.01 $=p<0.001

BMD= bone mineral density; NOF=neck of femur; BMI = body mass index; Z-score = standard deviation score

calculated from age and sex matched healthy controls

bone |oss occurs soon after delivery, but it may
not tranglate into osteoporosisin thelong run.*
We also found a negative correlation between
duration of lactation and bonedensty. Somesudies
have shownareductionin BMD with lactation, if
continued beyond 3 months.*® Onepossiblereason
why wefound thiscorrelation isthat the duration
of lactation seen in our cases was unusualy
prolonged. A high calciumintakeisnot knownto
prevent thisbonelossand thetime period required
for return of BMD to baseline is also
debatable.®*

Serum T, correlated negatively with Z-scores at
LS,NOF, trochanter and Ward's area. Similar
findingshave been obtained by someinvestigators*
whileothersdidn’t find any correlation.® Inour
study there was improvement in BMD and Z-
scoresat lumbar spineand all partsof femur, 6.2
% and 8.8%) in men and 10.6% and 7.3% in
women respectively, 6 months after correction of
hyperthyroidism. Improvement wasmoreat femur
thanat LS. Incompleterecovery (3.7%1t06.6%
after 1 year) appearsto betherule.”*® However,
full recovery has been reported after 3 years of
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euthyroid status.® Modality of treatment of
thyrotoxicosis appearsto belessimportant than
thefunctional statusof thethyroid.*> However,
worsening of BMD (T-score and Z-score) at
forearm hasbeen reported after 1 year of medica
therapy despiteimprovement at other sites.®” At
thefollow up noneof the patientshad low Z-score
at femur, but 21% women and 14% men still had
low Z scores (< —2) at LS. It appears that
recovery isbetter at NOF post-treatment.

Hypercalcaemia { serum corrected calcium
>10.5mg/dl (2.62 nmol/L)} was present in 10
(25%) patients. Wedid not observeany correlation
between serum calcium, T, or BMD at any site.
Following trestment only 1 out of 21 (4.7%) of
patients had Hypercalcaemia. The meanfal in
serum calcium was 4.2 % was similar to that
reported in aprevious study.®

Hypercal ciuriawas noted in 42.5% of patientsat
thetime of diagnosis. Calciuriadid not correlate
to either serum T, or BMD at any site.
Hypercdciuria, corrdatingtothyroid functionsand
to cortical osteoclastic boneresorption, hasbeen
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reported to be present in upto 64% of cases.®4°
Itisnotamdiorated by caciumredricted diet. Only
2 out of 21 (9.5%) of patientshad hypercaciuria
following treatment, smilar to reductionsreported
inliterature.®

Fractional excretion of calcium (FECa) fell post
treatment. Onepossiblecausecould beanincrease
in serum PTH which increases tubular
reabsorption of calcium and decreases that of
phosphorus. A decrease in the 24-hour urinary
excretion of calcium post-treatment has been
reported in hyperthyroid patients® In additionto
thefall indaily urinary phosphate excretion on
restoration of the euthyroid state asobservedin
another study* the fractional excretion of
phosphorous(FEP) dsofell despiteariseinserum
PTH post treatment. Contrary to what has been
observed by us, the fractional excretion of
phosphate would normal ly have been expectedto
have gone up asthe PTH rises. High rena blood
flow and glomerular filtrationratein patientswith
hyperthyroidism along with the increased
mobilization of mineral from bonemay accountin
part for the hyperphosphaturia®**? but does not
explainaninitialy higher fractional excretion of
phosphate and its subsequent fall on restoration
of theeuthyroid state. A decreaseinthefractiona
excretion of phosphorous post-trestment might be
suggestiveof adirect effect of thyroid hormoneto
promote renal tubular wastage of phosphorous.

Our patientshad normal serum phosphoroushboth
pre-and post-treatment. Other investigatorshave
also reported anormal phosphoruslevel® while
some others have found elevated serum
phosphorus,*# possibly due to suppressed
parathyroid hormone and enhanced mobilization
from bone and soft tissues.’* We did not find any
correlation between serum phosphorous and
BMD.

We also found elevated serum alkaline
phosphatase, which remained elevated post
treatment. Wedid not find any correl ation between
akaline phosphatase and serum 25(OH)D, hence
raised levelsof serum akaline phosphatase could
not beascribed tovitamin D deficiency done. Other
groups have also reported high alkaline
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phosphataseactivity, mainly bonespecificfraction,
in patientswith thyrotoxicosis. >4 Wefound a
negative correlation between serum alkaline
phosphataseand BMD at Ward'sarea. A negative
correlation of BMD at LS with bone specific
alkaline phosphatase at baseline* has been
reported. High alkaline phosphatase, at theend of
oneyear, seemsto predict low bone mass®

We found low serum 25(OH) D [18.9 £ 6.7 ng/
mL (47 +17nmol/L) and17.1+9.5ng/mL (43+
24 nmoal/L)inwomenand menrespectively], smilar
to our previous reports on non-thyrotoxic
popul ation from the same geographical region.
Most of the studieson bonedensity in thyrotoxic
patients, conducted inindustrialized nations, have
sparse and conflicting dataon serum 25(0OH)D,
ranging fromlow* to norma serum 25(0H)D.*
However, absence of any correlation between
serum 25(OH)D and bone histomorphometry
precludesany contribution of vitamin D deficiency
to thyrotoxic bone disease.’* We did not find any
correl ation between serum 25(0OH)D and BMD.

Contrary to the expectations, we found normal
serum PTH among our subjects despite having
vitamin D defidency or insufficiency. Normd serum
PTH can possibly be attributed to concomitant
Hypercd caemia Pogt-treatment riseof ssrum PTH
(due fall in serum calcium) despite having no
change in serum 25(OH) D supports this
conclusion. Similar rise in serum PTH, post
treatment, hasbeen reportedin thyrotoxic subjects
having normal serum 25(OH)D, both at baseline
and post treatment.®® Thyrotoxicity is thus
associated with changesinmarkersof bonedisease
and minera metabolism aongwithlossof BMD.
Most of these changesarereversiblewith return
to euthyroid status. HighWayne' sthyroid scoreis
agood pointer towards severe thyrotoxic bone
disease.
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